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(54) Low voltage contactor 

(57) A low voltage contactor comprising a case 
which contains at least a first fixed contact and a second 
fixed contact which are suitable to be connected to an 
electric circuit, a movable conductive arm provided with 
a first contact piece and a second contact piece, and 
actuating means which supply the energy for moving the 
movable conductive arm. The actuating means com- 



prise a rotary switching bar operatively connected to the 
movable conductive arm, and a command unit compris- 
ing a motor which drives into rotation said rotary switch- 
ing bar and the movable conductive arm operatively 
connected therewith so as the first and the second con- 
tact pieces couple/uncouple electrically with the first and 
the second fixed contacts, respectively. 
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Description 

[0001] The present invention relates to a low voltage 
contactor, i.e. a contactor for applications with operating 
voltages up to 1000 Volt. 

[0002] As well-known in the art, low voltage contac- 
tors are electrical devices generally used for interrupting 
the nominal current flowing in the electric circuit or low 
voltage power distribution line in which they are insert- 
ed. At present, one of the most widely used constructive 
solution foresees the use of low voltage contactors of 
the electromagnetic type, i.e. contactors in which open- 
ing/closing operations are performed by means of an 
electromagnetic equipment. A schematic example of 
the structure and functioning of a known electromagnet- 
ic low voltage contactor is shown in figure 1 . As illustrat- 
ed, the low voltage contactor, indicated by the reference 
numeral 1 00, generally comprises, for each phase of the 
electric circuit in which it is inserted, a pair of fixed con- 
tacts 101 electrically connected to a phase conductor 
and a pair of corresponding movable contacts 102 which 
are mounted on a movable metal body 103; a ferromag- 
netic mass 106 is associated to the fixed contacts 101 
and a coil 104 is wounded around it. Further, a spring 
105 is mechanically interposed between the fixed con- 
tacts 101 and the movable contacts 102. During closing 
operations, an auxiliary current is injected in the coil 104 
so as to generate a magnetic field; as a consequence, 
the metal body 103 is subjected to an attractive mag- 
netic force which causes its translation and the coupling 
of the movable contacts 102 with the corresponding 
fixed contacts 101; in this situation, the current flows in 
the phase conductors of the circuit, and the spring 105 
is compressed, thus storing a certain amount of elastic 
energy. If the contactor has to be open, the auxiliary cur- 
rent is no more injected into the coil 104, so as the mag- 
netic field is null and the attractive magnetic force is no 
longer present. The metallic body 103 is therefore sub- 
jected only to the elastic reaction force of the pre-com- 
pressed spring 105 which, by releasing the energy pre- 
viously stored, causes the translation of the body 103 
and the separation of the movable contacts 102 from 
the fixed contacts 101 ; in this situation, the current flow 
in the circuit is interrupted. 

[0003] At the present state of the art, known types of 
low voltage contactors, although they perform the oper- 
ations required in a substantially satisfying way, still 
present some disadvantages and drawbacks. In partic- 
ular, the presence of the electromagnetic equipment, 
and more specifically of the metallic elements 103 and 
106, negatively affects the overall dimensions of the 
contactor and increases the manufacturing and assem- 
bling costs. Furthermore, the coil must be precisely 
sized and calibrated, thus entailing difficult and compli- 
cated operations in order to ensure satisfying perform- 
ances and an adequate reliability. Finally, in order to per- 
form closing operations in optimised times, the current 
injected into the coil must rapidly reach high values, thus 



requiring wires of large size, and then it must be contin- 
uously supplied so as to keep the contacts coupled. 
Clearly, these aspects may often cause a faster wear of 
the contactor, may influence its reliability and entail a 

5 non-optimised power consumption; further, the pres- 
ence of the electromagnetic parts renders the contactor 
sensitive to possible external magnetic fields. 
[0004] The aim of the present invention is to realize a 
low voltage contactor which allows to overcome the 

10 drawbacks and disadvantages of the known art, and in 
particular which has a simplified structure in comparison 
with known contactors and ensures, at the same time, 
optimised performances. 

[0005] Within the scope of this aim, an object of the 
*5 present invention is to realize a low voltage contactor 
which allows to execute opening/closing operations in 
an easier and more controlled way with respect to 
known contactors, and whose reliability is improved. 
[0006] Another object of the present invention is to re- 
20 alize a low voltage contactor whose number of compo- 
nents, as well as its overall dimensions, are remarkably 
reduced. 

[0007] A further object of the present invention is to 
realize a low voltage contactor, which allows to reduce 
25 the manufacturing and assembling costs. 

[0008] This aim, these objects and others which will 
become apparent hereinafter are achieved by a low volt- 
age contactor comprising a case which contains at least 
a first fixed contact and a second fixed contact which 
30 are suitable to be connected to an electric circuit, a mov- 
able conductive arm provided with a first contact piece 
and a second contact piece, and actuating means which 
supply the energy for moving said movable conductive 
arm. The low voltage contactor according to the inven- 
ts tion, is characterized in that said actuating means com- 
prise: 



a rotary switching bar operatively connected to said 
movable conductive arm; and 
a command unit comprising a motor which drives 
into rotation said rotary switching bar and the mov- 
able conductive arm operatively connected there- 
with so as said first and second contact pieces cou- 
ple/uncouple electrically with said first and second 
fixed contacts, respectively. 



40 - 
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[0009] Further characteristics and advantages of the 
invention will become apparent from the description of 
a preferred but not exclusive embodiment of a low volt- 
50 age contactor according to the invention, illustrated only 
by way of non-limitative example in the accompanying 
drawings, wherein: 

figure 1 is a schematic representation of a low volt- 
55 age contactor of the known type; 

figure 2 illustrates a block diagram of the low voltage 

contactor according to the invention; 

figure 3 is a schematic frontal view of the low voltage 
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contactor according to a preferred embodiment of 
the invention; 

figure 4 is a schematic plan view of a three-phase 
low voltage contactor according to the invention; 
figure 5 is an exploded view of a piezoelectric motor 
used in the low voltage contactor according to the 
invention. 

[0010] With reference to figures 2-5, the low voltage 
contactor 1 according to the invention comprises a case 
2 which contains at least a first fixed contact 3 and a 
second fixed contact 4 which are suitable to be connect- 
ed to a conductor of an electric circuit, schematically in- 
dicated in figure 3 by the reference numeral 5; inside the 
case 2, there is a movable arm 6 made of conductive 
material which is provided with a first contact piece 9 
and a second contact piece 10, and actuating means 40 
which supply the energy for moving the movable con- 
ductive arm 6. Advantageously, as indicated in figure 3, 
the actuating means 40 comprise a rotary switching bar 
11, operatively connected to the movable conductive 
arm 6, and a command unit, indicated in figure 2 by the 
reference numeral 12, which comprises a rotating motor 
13 and control electronic means 14 which are suitable 
for supplying electric command signals to the motor 13 
itself. 

[001 1] As shown in figure 3, according to a preferred 
embodiment, the movable conductive arm 6 is mounted, 
and in particular directly fulcrumed, on the rotary switch- 
ing bar 11 transversal to the rotation axis 30 of the bar 
11 itself, with the first contact piece 9 and the second 
contact piece 10 which are positioned at the ends and 
on opposite sides of the movable conductive arm 6; in 
turn, the first fixed contact 3 and the second fixed con- 
tact 4 are positioned substantially symmetric to each 
other with respect to said rotation axis 30. Alternatively, 
the movable arm 6 may be connected to the bar 1 1 with 
an insulating element 28 interposed therebetween. 
[0012] Further, according to a particularly preferred 
embodiment, the body of the movable contact arm 6 can 
be advantageously realized with at least two substan- 
tially rigid portions interconnected by means of a sub- 
stantially flexible element 7, such as a flexible pivot ob- 
tainable by reducing the thickness of a portion of the arm 
6 with respect to the surrounding parts; in this way, the 
movable conductive arm 6 is provided with a structural 
elasticity so as to compensate ageing and uneven wear 
of the contact pieces 9-10, 3-4, to guarantee adequate 
electric contact between them, and definitely to increase 
the useful life of the contactor. 

[0013] Alternatively, the body of the arm 6 can be re- 
alized in a single substantially uniform body, or in two 
independent parts, each carrying a corresponding con- 
tact piece. 

[0014] Advantageously, in the low voltage contactor 
according to the invention, the motor 1 3 is a rotating self- 
braking motor, i.e. a rotating motor in which braking dur- 
ing operation is obtained thanks to the intrinsic structure 



of the motor itself, without using additional braking de- 
vices; in particular, the rotating motor 13 used in the con- 
tactor 1 is a piezoelectric motor, i.e. a motor which com- 
prises piezoelectric elements and whose operations are 

5 obtained by their electric excitement. More specifically, 
according to a particularly preferred embodiment, the pi- 
ezoelectric motor is an ultrasonic piezoelectric motor, i. 
e. a motor in which the exciting signals are in the ultra- 
sonic frequency range. 

10 [001 5] However, other types of rotating motors might 
be used, provided that they are suitable for the applica- 
tion. 

[0016] One example of an ultrasonic piezoelectric 
motor suitable for being used in the low voltage contac- 

15 tor 1 according to the invention is shown in figure 5. As 
illustrated in this figure, the piezoelectric motor 13 com- 
prises a stator unit and a rotor unit; the rotor unit com- 
prises a metallic disc 15 which is structurally integral 
with the rotary switching bar 11; in this way, the rotary 

20 switching bar 11 constitutes the shaft of the motor 13 
itself, according to a solution constructively simple and 
functionally effective. Alternatively, it would be possible 
to use as a rotary switching bar, an additional bar con- 
nected to the shaft of the motor 13. Further, a bearing 

25 26 is associated to the rotary bar 11 in order to allow its 
rotation. 

[001 7] I n turn, the stator unit comprises a flange 1 6 to 
which the bearing 26 is connected, and an annular elas- 
tic disc 1 7 which is also connected to the flange 1 6, and 

30 has a base plate 18 and a teeth-shaped ring 19 which 
protrudes transversally, in particular in a perpendicular 
direction, from the base plate 18; according to the ap- 
plications and/or specific needs, the teeth-shaped ring 
1 9 can be positioned at the external edge of the base 

35 plate 18, as indicated in figure 5, or along an internal 
circumference. Further, the stator unit comprises at 
least one layer of piezoelectric material 20, for example 
of the PZT type, which is fixed on the elastic disc 17; in 
particular, the layer of piezoelectric material 20 compris- 

40 es a plurality of sectors 27 which are electrically excited 
by the command signals supplied by the control elec- 
tronic means 14, for the purpose and in the way which 
will be described hereinafter. 

[0018] The motor 1 3 further comprises friction means 
45 21 , for example constituted by a layer of rubber, which 
are positioned interposed between the metallic disc 1 5 
and the teeth-shaped ring 19, and retaining means 22; 
for example, the retaining means 22 can be constituted 
by a metallic elastic body 23 which is positioned on a 
50 face of the metallic disc 1 5 opposite to the annular elas- 
tic disc 17, and a nut 24 which is screwed to a threaded 
end of the bar 11 and allows keeping the various ele- 
ments of the rotor packed on the stator. 
[0019] Damping means 25, constituted for example 
55 by a ring-shaped layer of rubber, are interposed be- 
tween the retaining means 22 and the face of the me- 
tallic disc 15 opposite to the annular elastic disc 17, so 
as to dampen undesired vibrations of the motor. 
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[0020] During operations, for example when the con- 
tactor 1 has to be closed, the piezoelectric sectors 27 
are excited by predefined excitation signals supplied by 
the control electronic means 14; in particular, adjacent 
pairs of piezoelectric sectors 27 are alternatively polar- 
ised, i.e. two adjacent sectors are both polarised in a 
direction perpendicular to the sectors themselves but in 
opposite directions, and fed with ultrasonic electric sig- 
nals, i.e. voltage signals, which are, for instance, about 
90°-phase shifted with respect to each other. As a con- 
sequence, the piezoelectric sectors 27 vibrate with a 90° 
phase-shift and the vibrations are transmitted to the an- 
nular elastic disc 17; in turn, the annular elastic disc 17 
vibrates too and, thanks to the teeth of the ring 19, the 
small vibrations produced by the piezoelectric sectors 
are conveniently amplified. The composition of the two 
90°-shifted vibrations brings to the generation of travel- 
ling waves along the ring 19; by means of the friction 
means 21, the movement is transmitted to the metallic 
disc 1 5 and thus, the rotor is dragged into rotation thanks 
to the friction action. In this manner, the rotary switching 
bar 11 is driven into rotation together with the movable 
conductive arm 6 operatively connected therewith, so 
as the first contact piece 9 and the second contact piece 

10 couple electrically with the corresponding first fixed 
contact 3 and the second fixed contact 4, respectively. 
In this position, coupling between the contacts is en- 
sured by the holding torque of the motor, thus avoiding 
the need of additional brakes; further, the power con- 
sumption required by the motor, is reduced with respect 
to conventional contactors, since feeding of the motor 
can be switched off in this position. 

[0021] Starting from the closed position, in order to 
open the contactor, it is sufficient to invert of 180° the 
phase of one of the two electric signals supplied to the 
piezoelectric sectors 27 which have the same polarisa- 
tion; in this way, the rotor rotates in the opposite direction 
and determines uncoupling of the contact pieces 9, 10 
from the fixed contacts 3, 4. 

[0022] The solution above described can be easily im- 
plemented for any kind of multi-phase low voltage con- 
tactors. A possible embodiment of a three-phase con- 
tactor 1 is schematically shown in figure 4 in which the 
neutral phase is not shown. In this case, inside the case 
(not shown) there are provided for each phase of the 
electric circuit 5 to which the contactor is connected, at 
least a first fixed contact 3 and a second fixed contact 
4 which are suitable to be connected to a corresponding 
phase conductor of the circuit; further, for each phase, 
there is a movable conductive arm 6 provided with a first 
contact piece 9 and a second contact piece 10. The 
three arms 6 are connected to a unique rotary switching 
bar 11, transversally to its rotation axis 30, and the bar 

1 1 is driven into rotation, together with the three arms 6, 
by a single motor 13, as previously described. In this 
case, coupling/uncoupling of the contact pieces 9, 10 
with the corresponding fixed contacts 3, 4 can be real- 
ized synchronously among the various phases. 



[0023] In practice, it has been found that the low volt- 
age contactor 1 fully achieves the intended aim and ob- 
jects, giving several advantages with respect to the 
known art. 

5 [0024] In fact, in addition to the advantages previously 
mentioned, the use of actuating means as conceived in 
the contactor according to the invention, allows to sim- 
plify the structure of the whole contactor, and in partic- 
ular to eliminate the electromagnetic equipment, thus 
10 realizing a contactor which is smaller and lighter, which 
has a reduced number of components and is substan- 
tially exempt from the effects of magnetic fields. More- 
over, the absence of the electromagnetic equipment al- 
lows to reduce the manufacturing and assembling costs 
is and the relative calibration operations, as well as to im- 
prove the reliability of the contactor. 
[0025] The use of a rotating motor, and in particular 
of a self-braking ultrasonic piezoelectric motor, allows 
to realize a rotating contactor whose operations are ex- 
ecuted in an easier and more controllable way, with neg- 
ligible levels of electric power consumption required for 
moving the movable equipment and, above all, for keep- 
ing the contactor in the closed position. Further, the ul- 
trasonic piezoelectric motor allows to have high torque 
levels at low speed and relatively reduced response 
times, and to perform substantially noise-free opera- 
tions. 

[0026] The low voltage contactor, according to the 
present invention, thus conceived is susceptible of nu- 
merous modifications and variations, all of which are 
within the scope of the inventive concept; for example it 
is possible to include in the command unit 1 2 an auxiliary 
power feeding element, such as a capacitor, which may 
be used for exciting the piezoelectric sectors if the ref- 
erence voltage signal fed by the main circuit decreases 
under a predetermined threshold. All the details may al- 
so be replaced with other technically equivalent ele- 
ments. In practice, the materials employed, so long as 
they are compatible with the specific use, as well as the 
dimensions, may be any according to the requirements 
and to the state of the art. 



Claims 

1. A low voltage contactor (1) comprising a case (2) 
which contains at least a first fixed contact (3) and 
a second fixed contact (4) which are suitable to be 
connected to an electric circuit (5), a movable con- 
ductive arm (6) provided with a first contact piece 
(9) and a second contact piece (10), and actuating 
means (40) which supply the energy for moving said 
movable conductive arm (6), characterized in that 
said actuating means (40) comprise: 

a rotary switching bar (1 1 ) operatively connect- 
ed to said movable conductive arm (6); and 
a command unit (12) comprising a motor (13) 
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which drives into rotation said rotary switching 
bar (11) and the movable conductive arm (6) 
operatively connected therewith so as said first 
and second contact pieces (9, 10) couple/un- 
couple electrically with said first and second 5 
fixed contacts (3, 4), respectively. 



2. A low voltage contactor (1) according to claim 1, 
characterized in that said movable conductive arm 

(6) is mounted to the rotary switching bar (1 1 ) trans- 10 
versal to the rotation axis (30) thereof, with said first 
and second contact pieces (9, 10) positioned at the 
ends and on opposite sides of the movable conduc- 
tive arm (6) itself, and in that said first and second 
fixed contacts (3, 4) are positioned substantially 15 
symmetric to each other with respect to said rotation 
axis. 

3. A low voltage contactor (1) according to claim 1 
characterized in that said command unit (2) com- 20 
prise control electronic means (14) suitable for sup- 
plying electric command signals to said motor (13). 

4. A low voltage contactor (1) according to claim 1, 
characterized in that said motor (13) is a rotating 25 
self-braking motor. 

5. A low voltage contactor (1) according to claim 4, 
characterized in that said motor (13) is a piezoe- 
lectric motor. 30 

6. A low voltage contactor (1) according to claim 5, 
characterized in that said motor (13) is an ultra- 
sonic piezoelectric motor. 

35 

7. A low voltage contactor (1 ) according to claim 5 or 
6, characterized in that said piezoelectric motor 
(13) comprises a stator unit and a rotor unit, said 
rotor unit comprising a metallic disc (15) which is 
structurally integral with said rotary switching bar 40 
(11). 

8. A low voltage contactor (1) according to claim 7, 
characterized in that said stator unit comprises a 
flange (16), an annular elastic disc (17) which is op- 45 
eratively connected to said flange (16), said annular 
elastic disc (17) having a base plate (18) and a 
teeth-shaped ring (19) which protrudes transversal- 

ly from the base plate (18), and at least one layer 
of piezoelectric material (20) which is connected to so 
the annular elastic disc (17), said at least one layer 
of piezoelectric material (20) comprising a plurality 
of sectors (27) which are electrically excited by said 
command signals supplied by the control electronic 
means (14). 55 

9. A low voltage contactor ( 1 ) according to one or more 
of claims 6-8 characterized in that said piezoelec- 



tric motor (13) comprises friction means (21) which 
are positioned interposed between the metallic disc 
(15) of the rotor unit and the teeth-shaped ring (19), 
retaining means (22) which are positioned at a face 
of the metallic disc ( 1 5) opposite to the annular elas- 
tic disc (17), and damping means (25) which are in- 
terposed between said retaining means (22) and 
said face of the metallic disc (15) opposite to the 
annular elastic disc (17). 

1 0. A low voltage contactor (1 ) according to one or more 
of the preceding claims characterized in that said 
movable contact arm (6) comprises at least two 
substantially rigid portions which are interconnect- 
ed by means of a substantially flexible element. 

11. A multi-phase low voltage contactor (1) suitable to 
be connected to an electric circuit (5), comprising a 
case (2) which contains, for each phase of the elec- 
tric circuit, at least a first fixed contact (3) and a sec- 
ond fixed contact (4) which are suitable to be con- 
nected to a corresponding phase conductor of the 
electric circuit (5), a movable conductive arm (6) 
provided with a first contact piece (9) and a second 
contact piece (10), and actuating means (40) which 
supply the energy for moving the movable conduc- 
tive arm (6) of each phase, characterized in that 
said actuating means (40) comprise: 

a single rotary switching bar (11) operatively 
connected to each movable conductive arm (6); 
and 

a command unit (12) comprising a single motor 
(13) which drives into rotation said rotary 
switching bar (11) and the movable conductive 
arms (6) operatively connected therewith, so as 
the first and second contact pieces (9, 10) of 
each phase couple/uncouple electrically with 
the corresponding first and second fixed con- 
tacts (3, 4), respectively. 



35 



40 



5 



EP 1 280 176 A1 




6 



EP1 280 1 76 A1 




7 



EP1 280 176 A1 




EP1 280 176 A1 




EP 1 280 176 A1 




EP 1 280 176 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 01 20 2799 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document wfth indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



EP 0 612 092 A (MERLIN GERIN) 
24 August 1994 (1994-08-24) 

* column 4, line 4 - line 44 * 

PATENT ABSTRACTS OF JAPAN 

vol. 1999, no, 05, 

31 May 1999 (1999-05-31) 

& JP 11 045649 A (FUJITSU TAKAMIZAWA 

COMPONENT KK), 

16 February 1999 (1999-02-16) 

* abstract * 



1-11 



1-11 



H01H57/00 



US 5 170 088 A (NAITO KOICHI 
8 December 1992 (1992-12-08) 
* abstract * 



ET AL) 



3-9 



TECHNICAL FIELDS 
SEARCHED (lnt.CLT) 



H01H 



The present search report has been drawn up tor al) claims 



THE HAGUE 



Date ot ocmpletbn ot the March 

9 January 2002 



Ubberecht, L 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant B token alone 

Y : particularly relevant IT combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P: 



T : theory or principle underlying the invention 
E : earlier patent document, but published on. or 

after melting dale 
O : document cfted m the application 
L : document cted for other reasons 

& : member of the same patent family, correspondkig 
document 



11 



EP1 280 176 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 20 2799 



This annex lists the patent family mernbers relating to the patent documents cited in the above-mentioned European search report 
The members are as contained In the European Patent Office EDP fUe on 

The European Patent Office is In no way Babie tor these particulars which are merely given tor the purpose of information. 

09-01-2002 



Patent document 




Publication 






Patent family 


Publication 


cited In search repor 


t 


date 






member(s) 


date 


EP 0612092 


A 


24-08-1994 


FR 


2701595 Al 


19-08-1994 








DE 


69412151 Dl 


10-09-1998 








DE 


69412151 T2 


11-02-1999 








EP 


0612092 Al 


24-08-1994 








ES 


2120590 T3 


01-11-1998 


JP 11045649 


A 


16-02-1999 


NONE 






US 5170088 


A 


08-12-1992 


NONE 







For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



12 



